In recent years a number of authors have evinced interest in intra-complex heterocyclic inorganic esters and alcoholates of triethanolamine and its derivatives of the type Rn--aM(OCH2CH2)aN (I), where M =an atom ±__ of tri-or multivalent element with an incomplete p-or d-valency shell; n = its valency; and R = an organic radical, hydrogen or any other substituent. The growing interest in this type of compounds is prompted by (I) both theoretical and practical reasons. At the present time the following compounds of the above indicated structure are already known: with M = boronl-21, aluminium22-24, silicon25-36, titanium and zirconium37-44, bismuth45; and vanadyl46 and iron47-50.
stituent. The growing interest in this type of compounds is prompted by (I) both theoretical and practical reasons. At the present time the following compounds of the above indicated structure are already known: with M = boronl-21, aluminium22-24, silicon25-36, titanium and zirconium37-44, bismuth45; and vanadyl46 and iron47-50.
We would suggest that all compounds of the type (I) should be unified under one name "atranes" and that the various substances should be named depending on the substituent M, e.g. "silatrane"-(M=Si, R=H)-2,2',2"-aminotriethoxysilane;
"boratrane" -(M-B) -2,2' ,2" -aminotriethoxyboron; "alumatrane"-(M Al)-2,2',2"-aminotriethoxyaluminium, etc.
The silatranes containing a coordinate link to nitrogen from a pentacoordinated silicon atom, are of special interest because of the formation of stable coordinated complexes between alkoxysilanes and tertiary amines. Such compounds have not been reported so far, nor did we succeed in gathering sufficient evidence, by means of physico-chemical analyses, t in collaboration with G. I. Zelcans, I. B. Mazeika, J. ]. Baltkajs, J. P. Jegorov, and V. A. Pestunovieh molecular or n.m.r. spectroscopy, for a possible coexistence of alkoxysilanes with tertiary amines in a solution. Silatranes of a general formula (I) have been only rarely mentioned in the literature. Some patents25-27, a Ietter to the editor 2 6, one publication35 with only a passing mention about 1-vinylsilatrane, and a reference to unpublished data36 have appeared recently; all this material contains just a minimum ofinformation and no descriptions of experimental resultst.
Synthesis of similar compounds is always clone by trans-esterification of the corresponding Si-substituted triethoxysilanes according to the reaction given in equation (1) .
RSi(OC2H5)3 + (HOCH2CH2)sN-+ RSi(OCH2CHz)3N + 3CzH50H
(1)
' --------_ j where R = alkyl, alkenyl, aryl, or alkoxyl.
1-0RGANYLSILA TRANES
We have found a simple and convenient method for the synthesis of 1-organylsilatranes28, 30 using more accessible starting reagents than the corresponding organyltriethoxysilanes. This method is based on triethanolamine cleavage reaction on organyltrichlorsilanes hydrolysis products, namely polyorganylsesquisiloxanes (RSi01,5)x or polyorganylsiloxanols [RSi01,5-y(OH)2y]x(Y = 0-1·5), in the presence of catalytic quantities of alkali metal hydroxide (preferably KOH). Equation (2) illustrates the course of the reaction :
1/x[RSi01,5-y(OH)2y]x + (HOCH2CH2)3N-+ RSi(OCH2CH2)sN + (1·5 + y)H20 fc__ _ _ _ _ _ _. (2) Water lost during this process is gradually eliminated by azeotropic distillation with a suitable inert solvent (xylene). The volume of water distilled over enables the course of the reaction to be followed till its completion. The velocity of the reaction increases with diminishing degree of condensation of the starting siloxanols. Vinyl and phenyl derivatives react with triethanolamine considerably faster than the alkyl derivatives. The alkylsilatranes synthesis is complete in 4-8 h; in the case of vinyl or phenyl derivatives it is complete in 0·5-1·5 hour. On cooling 1-organylsilatranes precipitate in crystals and are purified by recrystallization; yields 60-90 per cent.
Polyorganylhydrosiloxanes of the type (RSiHO)x or HO(RSiHO)xH, obtained by hydrolysis of corresponding organyldichlorosilanes when used as starting materials for 1-organylsilatrane synthesis give also high yields.
t Some of these communications appeared after our articles were either published or in press.
SILATRANES
The reaction takes place under the same conditions and is illustrated m equation (3).
1/x (RSiHO)x + (HOCH2CH2)3N----?
RSi(OCH2CH2)3N + H20 + H2 (3)
I
In the reaction of triethanolamine with polyorganylhydrosiloxanes the first to react is the Si-H bond which results in the Iiberation of hydrogen; the theoretical quantity of hydrogen is eliminated long before the end of the whole process. This is followed by the cleavage of the siloxane bonds with consequent water formation. It is therefore not the completion of hydrogen elimination but the termination ofwater formation that indicates the end of the reaction. The completion of the reaction in this case does not exceed 1·5-2 hours as against 4-8 h when polyalkylsesquisiloxanes or polyalkylsiloxanols are used as the starting materials.
The nine 1-organylsilatranes (four of which have not been previously known) synthesized by both these methods along with their yields, melting points, water-solubility, analytical data and molecular weights are given in Table 1 . Among the products listed are also 3-methyl-, 3,7-dimethyl-, and 3,7,10-trimethyl-1-phenylsilatranes obtained by reacting polyphenylsesquisiloxane with isopropanoldiethanolamine, diisopropanolethanolamine and triisopropanolamine respectively.
All 1-organylsilatranes form colourless pretty crystals mostly needleshaped with sharp melting points. In substituted 1-phenylsilatranes the occurrence of Stereoisomerie forms can be attributed to the presence of asymmetric carbon atoms. 3-Methyl-, 3,7-dimethyl-, and 3,7, 10-trimethyl-1-phenylsilatranes can have, depending on the number of asymmetric hydrocarbon atoms, two, three and four Stereoisomers respectively. In the last case they may be presented as follows. (If) In this connection we would like to indicate that we obtained 3,7-dimethyl-1-phenylsilatrane in two crystal forms (in needles with m.p. 90·4-91·4°; andin platelets with m.p. 94·5-95·8°).
1-Methylsilatrane is a polymorphic compound and has a double melting point. After recrystallizc.tion from xylene its m.p. is 142-143°, but after fast cooling ofthe melt the m.p. is raised to 151·5-152·5°. This more stable form, which does not change after repeated cooling and heating, is sometimes obtained by recrystallization of the mentioned compound from n-heptane or xylent. 'These data disagree with another report26 according to which on recrystallization of 1-methylsilatrane from the melt a low temperature melting form (m.p. 123-125°) is obtained. -177  175  C8HtsNOsSi  15·95  41-50  7·39  142-43  187  14·63  CH 3  H  H  H  151·5-52·5  17·0  190  189  187  189  C 7 H 15 N0 3 Si  14·87  44·65  7·89   197  13·82  C2Hs  H  H  H  132-33·5t  20·0  204  203  203  203  CsHt7NOaSi  13·71  47·73  8·51   I   210  212  12·60  (CH3) 2 CH  H  H  H  106·5-107·5t  4·5  218   I   217  212t  217  C9HtoNOaSi  12·66  49·87  8·76   I   222  202  13·98  CH 2 =CH  H  H  H  165-66·2  8·4  203  201  205  201  C 8 H 15N03Si  14·06  47·85  7·47   242  1Jol5  CsH5  H  H  H  210·3-211·3  0·5  253  251  244  252  C 
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SILATRANES
All 1-organylsilatranes synthesized are sufficiently thermostable to be distilled in vacuo, or even at normal pressure, without decomposing. They are monomers, a fact confirmed by cryoscopic data on their molecular weights in nitrobenzene or benzene ( Table 1) .
These substances are readily soluble in halogenated hydrocarbons, nitrobenzene, dimethylformamide, and acetonitrile. Methyl and ethyl derivatives are fairly soluble in water, which cannot be said about arylsilatranes ( cf. Table 1 ). The nature of the hydrocarbon radical bound to the silicon atom also influences substantially the degree of solubility of 1-organylsilatranes in organic solvents. Thus, for instance, 1-methylsilatrane is practically insoluble in diethyl ether; its nearest homologues, however, such as 1-ethyland 1-isopropylsilatranes are readily dissolved in the same solvent. The solubility of 1-ethylsilatrane in xylene is less but in water it is more as compared to the isopropyl derivative. As a rule, 1-arylsilatranes dissolve less readily in any solvent than do the 1-alkylsilatranes.
In contrast to the organyltriethoxysilanes RSi(OCH2CHa)a which are hydrolyzed readily the 1-organylsilatranes are quite resistant to humidity (and atmospheric oxygen). A notable hydrolytic decomposition of 1-methylsilatrane can be observed after its exposure to SO percentrelative humidity during 28 days; 1-isopropyl-or 1-phenylsilatrane, kept under the same conditions for almost two years, remained unchanged.
One of the characteristic properties of the 1-organylsilatranes ( especially of 1-isopropylsilatrane) is the ability of their crystals to develop intensive contact movements when put on the surface ofa fluid (water, benzene, etc.).
1-Örganylsilatranes do not give ammonium bases with methyl iodide at its boiling temperature. 1-Phenylsilatrane does not react with iodine solution in boiling chloroform, but decolorizes a bromine solution. I-Vinyl· silatrane reacts with bromine in cold.
1-0RGANOXYSILATRANES
Three compounds belonging to the group of 1-organoxysilatranes have already been described in Iiterature (1-ethoxy25-27, 3,7,10-trimethyl-1-ethoxy27_ and 1-menthoxysilatrane 2 6) and have been prepared according to scheme ( 1) from the corresponding organoxytriethoxysilanes. To consider this as the general method of synthesis is not feasible because it necessitates a previous preparation of the already mentioned organoxytriethoxysilanes.
We have found a new general method for synthesis of 1-organoxysilatranes29, 33 based on trans-esterification of the lower tetralkoxysilanes, Si(OR')4 [R'=CHa, C2H5] by an equimolar mixture oftriethanolamine and a corresponding hydroxyl containing organic compound (ROH). The reaction takes place mostly in the presence of an alkali catalyst (an alkali metal hydroxide) which speeds up the process and ensures better yields of the end product. Some of the 1-alkoxysilatranes [R=(CHs)2CH, (CH3)aC] cannot be prepared in the absence of alkali. The reaction proceeds according to the equation (4) .
where R = alkyl, cycloalkyl, aralkyl, aryl; and R' = CHa, C2H5.
The synthesis is achieved by preparing an equimolecular mixture of tetraethoxysilane ( or tetramethoxysilane), triethanolamine, a corresponding alcohol or phenol and a catalyst; the whole mixture is then heated until ethanol (or methanol) is completely distilled off (0·5-1·5 h). 1-0rganoxy-silatranes are crystallized directly from the reaction mixture or are separated from it after evaporation ofthe solvent and then purified by recrystallization. 1-Alkoxy-and 1-cycloalkoxysilatranes are crystallized from n-heptane (1-methoxy-and 1-cyclohexoxy derivatives can be also crystallized from xylene), and 1-aralkoxy-and 1-aroxysilatranes from xylene, a mixture of chloroform and n-heptane, or from carbon tetrachloride and chloroform.
1-0rganoxysilatranes thus obtained, their melting points, analytical data, molecular weights, neutralization equivalents, and yields are given in Tables  2 and 3 .
Like 1-organylsilatranes all these compounds represent colourless (with the exception of the yellow 1-nitrophenoxysilatranes) solid substances and aftf"r c.rystallization acquire the form of small, mostly flake-like crystals. 1-Alkoxysilatranes dissolve readily in water and in most organic solvents, like chloroform, dioxane, acetone, ethyl acetate, alcohol, aromatic hydrocarbons, diethyl ether, carbon tetrachloride, but do not dissolve in cold petroleuro ether. 1-n-Tetradecoxysilatrane, on the contrary, is not soluble in water, but soluble in cold petroleum ether; 1-methoxysilatrane is only slightly soluble in cold benzene, toluene, xylene and completely insoluble in diethyl ether and carbon tetrachloride. 1-Aroxysilatranes are only slightly soluble in water and in many organic solvents with the exception of halogenated hydrocarbons, nitrobenzene, dimethylformamide, acetonitrile, and alcohol, in which they easily dissolve.
1-0rganoxysilatranes as weil as 1-organylsilatranes are monomers ( cf. Table 2 ). They get gradually hydrolyzed in atmosphere. 1-p-Nitro phenoxysilatrane, like p-nitrophenol has indicator properties. 1-0rganoxy-ilatranes can be recommended as crystalline derivatives for identification of various alcohols and phenols. By replacing the alcohol with the corresponding monocarboxylic acid we synthesized crystalline 1-acyloxysilatranes-new compounds not described previously in the literature. These compounds are extremely unstable which makes their purification a matter of considerable difficulty. Aliphatic carboxylic acid derivatives are easily transformed into polymers, even in the absence of air humidity and at room temperature; aromatic and heterocyclic acid derivatives polymerize in the process of crystalliza· tion.
KINETICS OF HYDROLYSIS
The hydrolysis of silatrane in an aqueous solution is a first order reaction. The decrease in speed in silatrane (I) hydrolysis with change in substituent R at the silicon atom can be expressed by the following series: 
:j: Without a catalyst. 
Exact quantitative data will be published elsewhere.
DIPOLE MOMENTS AND THE STRUCTURE OF SILATRANES
According to the classical tetrahedral theory of organic compounds the Si-substituted 2,2',2"-aminotriethoxysilanes can have two kinds of steric structures with a tetrahedral XSi03 group-one is a non-strained "biconvex" (III) (Figure 1 ) and the other also a practically non-strained "concavo-convex" (IV) (Figure 2) . It is obvious, that the existence of a donor-acceptor trans-annular bridge between the nitrogen and silicon atoms is possible only in structure (IV). A study of the Stuart-Briegleb atom model reveals that only one form of"concavo-convex" structure (IVa) (Figure 3) is possible, in which the distance between the silicon and nitrogen atoms is such as to allow the formation of a coordinated bondt. Nevertheless, to assume that silatranes have the structure (IV) is jumping to premature conclusions. We have to keep in mind that in the presence of a transannular donor-acceptor bond Si+-N the covalency of the silicon atom raises to five. In this case, the hybridization of its valency orbitals is not more tetrahedral (sp3) as usual, but sp3d, which corresponds to penta-coordinated silicon atom with bonds directed towards the apexes of the trigonal bipyramid. Consequently, the molecular configuration of the silatranes should be expressed by structure (V) (Figure 4) , which contains the Si0 3 planar group and a tetrahedral four-coordinated (onium) nitrogen atom.
The most decisive evidence for the existence of the silatrane configuration (V) must be the presence of a trans-annular donor-acceptor bond between the silicon and nitrogen atoms. Th1s fact can be verified by measurements of the corresponding dipole moments.
In this laboratory we have measured the electric dipole moments of six 1-organyl-and 1-organoxysilatranes (I; R=CH 3 , (CH 3 ) 2 CH, CH 2 =CH, C6Hs, C2HsO, C13H50). As can be seen from the results presented in Table 4 these dipole moments are very high (of the order 5·7-7·1 D).
Calculated on bond moments the general dipole moment of the grouping Si(OCH2CH2)3N, which does not contain the trans-annular donor-acceptor Si+-N bond (III), equals 0·93 D, with the vector directed from the silicon toward the nitrogen atomt. The dipole moments of organyl-and organoxysilatranes (2,2',2"-aminotriethoxysilanes) have been calculated based on the value 0·93 D and the Si-R bond moments in structure (III). The t On the contrary, the possibility of structural configurations for "bi-convex" as weil as for "concavo-convex" forms exists in similar molecular models of boratraues B(OCH2CH2)aN with a planar BOa grouping. calculated values appear to be considerably lower than the experimental values (about 5 D less). The dipole moments of the similarly built organyland organoxytriethoxysilanes, RSi(OCH2CHa)a, arealso much lower than those of the corresponding silatranes (by 3·5-4·5 D). Dipole moment studies reveal a strong polarity of the organyl-and organoxysilatranes. lt also became apparent that structure (111) in its Table 4 . Dipolemoments of 1-organyl-and 1-organoxysilatranes RSi(OCH2CH2)3N
Calc.for
form cannot be applied to these compounds. The existence in + these compounds of a trans-annular dipole bond Si+-N with an onium nitrogen atom and a negatively charged penta-coordinated silicon atom has been substantiated. Experimental values of the dipole rnoment calculated for the group -Si(OCH 2 CH2)aN are about 5·2 ± 0·2 D, with the vector 1 I directed from the nitrogen towards the silicon atom. In this laboratory the i.r. spectra of ten organyl-and organoxysilatranes have been studied (I; X=H, CH 3 , C2H5, (CHa)2CH, CH2=CH, C6Hs, C2H50, n-C14H29Ü, C6H50, p-CH3C6H40) in the region of 400-1700 cm-1. The data are presented in Figure 5 . For comparison purposes i.r. spectra 400  600  900  1300 1700  500  700  1100  1500  500  700  1100  1500  400  600  900  1300 1700 v, cm-1 Figure 5 . Infrared spectra of silatranes (I)
t As it is already known5 3 -59 , the vibration frequency of the bond Si-H in molecules of the type RR' R"SiH is linearly connected with the general inductive effect of the substituents R,R' and R" and rises with the increase of their electron-acceptant ability (at the sametime the polarity of the Si-H bond decreases Figure 6 ) . Spectra were run on a Model UR-10 double-beam i.r. spectrophotometer with a KBr and NaCl prisms. Silatrane samples were used in tablet form with KBr, CHaSi(OC2Hs)a and N(CH2CH20H)a in pure state.
The spectra of the molecules (structure I) can be discussed part by part. To the first part, common to all molecules, belongs the main cyclic silatrane skeleton (I) with an approximate symmetry of Cav· In the second, the variable part, are the R substituents bound to the silicon atom (R = alkyl, alkenyl, aryl, alkoxyl, and aryloxyl). In noticing the spectral peculiarities of different organo-silicon compounds and in comparing the different frequencies it is possible to single out absorption bands corresponding to the cyclic system of all molecules ( Table 5) .
Absorption frequencies characteristic for R substituents ( Table 6 ) have been identified on the basis of published data57-62 as weil as from our own observations.
Considering the structure-spectra correlation one can already anticipate a definite picture of silatrane vibration bands for bonds like Si-0, C-0, + C-C, C-H, C-N and presumably also of the coordinate bond Si+-N. It may also be expected that specific electron conditions of the silicon atom in structure (I) would bring about a change in the position and intensity of the bands v(Si-0) and v(Si-C). 
A number of publications have appeared recently dealing with vibration spectra of organo-silicon compounds conta1mng the Si-0-C group57-59, 63-73, A study of these reports brings us to the conclusion that in i.r. absorption spectra of compounds with Si-0-C grouping, a very intense band is present at 1100 cm -1 and bands of variable intensity in the interval of 620-840 cm -1. In the majority of the above-indicated articles, the frequency f"J 1100 cm -1 is assigned to the unsymmetric stretching vibration of the group Si-0-C with the stretched C-0 bond prevailing; frequencies of the region 800-840 cm-1 are attributed to symmetric stretching vibrations of Si-0. In passing from a single Si-0-C group to molecules containing several such groups, e.g. RSi(O-C)3, three frequencies become apparent: one connected with the prevailing stretched Si-R bond, and two others assigned to the Si-0 boncl-one symmetric and the secend degenerated.
Interpretation of the structure (I) reveals that the "lower" part of the silatrane skeleton is structurally similar to the molecules of RSi(OCHa)a and RSi(OCH2CHa)s (where R=alkyl). In the mostsimple molecule ofthis group-CHaSi(OCHa) 3 68, 72-four frequencies are detected in the region lower than 900 cm-1: 620-v(Si-C), 668-v 8 (Si-O) and a doublet 728 and 790 cm-1, the latter due to a band split in the second frequency Vas(Si-0). In full accordance with this we have found in the CHaSi(OCH2CHa)a spectrum frequencies of 645, 730 and 780 cm -1 . In silatrane spectra three vibration frequencies are constantly present at: 568-590, 620-675, and 770-795 cm-1 ( Table 7 ). In the spectrum (I) with R CH 3 the frequency 675 cm -1 is concealed on a wide band stretching from 790 to 635 cm-1. In alkoxy and aroxysilatranes and also when R H the first frequency is considerably higher than the one in alkylsilatranes. The same tendency can be observed in the third frequency. Contrary to this, the secend frequency in this group of silatranes is usually lower. In alkylsilatranes still another frequency in the indicated region is observed, viz. 609-620 cm -1 , related to v(Si-C) vibrations. It has been indicated in the literature67, 69, 70 that frequencies higher than 700 cm -1 are identified with the degenerate antisymmetrical vibrations of the Si-0 bond in the silicon-oxygen skeleton, whereas frequencies lower than 700 cm -1 are ascribed to symmetrical vibrations. In the first case, frequencies M. G. VORONKOV of degenerate vibrations actually occupy a region near to the one expected (800 cm-1); the symmetrical vibration frequencies, are probably in the region 620-675 cm-1.
Ifwe assign the frequency in the region 568-590 cm-1 to vibrations ofthe coordinate bond v(Si +-N) we observe, for instance in the case of silatrane itself (R=H), an irregular shift in the frequencies discussed for the skeleton. This possibly could be explained by changing vibration forms affected by the small mass of the substituent (R=H).
These frequency assignments should be taken only as a presumption. Another possibility could be also considered, namely, the shift of the frequency v 8 (Si-O) from the region 620-675 toward 568-590 cm -1 as a result of Si-0 and Si+-N bonds interrelation.
No indications concerning vibration frequencies of the coordinate bond Si+-N are found in the literature. As it is known, stretching vibrations of the Si-N bond are in the region of 920-980 cm-1 (in silazanes) and at 790-830 cm-1 (in aminosilanes)57, 74-76. It appears from these data as weil as from the force constants, that the Si-N frequency is situated lower than the frequency C-N. The frequency of the coordinate bond Si+-N should correspondingly be even lower than that of the ordinary bond Si-N. The tentative band assignments to higher regions are therefore fully acceptable.
Further attention is required by the region of KBr and the frequency of a full symmetrical stretching vibration of the Si-C bond70, 77, 78, for which R = CH(CH3)2, C2Hs, CHa, CH CH2 corresponds to 609, 615, 620 and 621 cm -1 respectively. The full symmetrical frequency vs(Si-C) depends only slightly on the radical mass, but is strongly influenced by the very character of the substitution at the silicon atom.
The inter-dependence of the nature of the hydrocarbon radicals bound to the central silicon atom and the VA(Si-C) frequency has been previously indicated77. More precisely, a correlation exists between the state ofthe electron shell of the Si-C bond and the vA(Si-C) frequency which raises with the increase of the radical's R electronegativity. A markedly lower [as compared with CH 3 Si(OC2H 5 )a] frequency of vA(Si-CJ in the alkylsilatrane spectra (645 and 609-620 cm-1 respectively) corresponds to the frequencies of molecules such as (CHa)3SiC6Hs or (CH3)3SiCH=CHCHa whereas the general-I effect of (OCH2CH2)aN grouping (in the absence of the bond Si+-N) should be even greater, than in the grouping (OCH2CH3)3. This fact, as well as the shift described in literature26 of the absorption band v(Si-H) in silatrane itself (1, R=H) towards lower frequencies (corresponding to our data for (I) with R=H the v(Si-H) is 2100 cm-1) is an additional proof of the existence in (I) of an intramolecular coordinate bond Si+-N the presence of which lowers the electronegativity of the central silicon atom and consequently raises the polarity of its bonds with C or H.
The structural fragment Si-0-C-C is characterized by typical frequencies 940-950 cm-1, 1015-1020 cm-1 and the split band group in the region of 1080-1130 cm-1 . Silatranes with R=C2Hs, OC2Hs, CH=CH2, CH(CHaJ2 have in the region 1080-1130 cm-1 frequencies of 1085, 1095 and 1125 cm-1 . In silatranes with R=CHa, C6Hs, OC6Hs, OC14H29-n and OC6H4CHa-P two frequencies have been observed-1085 and 1125 cm-1.
The frequency 1055 cm-1 in the i.r. spectra of (I) is placed at the edge so SI LA TRANES of a very strong band 1095 cm~1. Considering previously reported data71 this band can possibly be identified with stretching vibrations of the C-C bond in the silatrane skeleton. Comparison of i.r. spectra (I) with the N(CH 2 CH 2 0H)3 spectrum revealed the frequency 911 cm-1 common to both. Similarly, this frequency could be identified with vibrations of the C-N bond. The band 944 cm -1 is situated in the region of stretching vibrations C-C. However, its greater intensity suggests an overlapping by other frequencies of the Si-0-C-C grouping. It is interesting to notice that the frequency 880-895 cm-1 is present in all the spectra of organyl-and alkoxysilatranes and also in the spectrum ofN(CH2CH20H)3. In the spectra ofthe indicated silatranes this frequency is of medium intensity, in the spectrum of triethanolamine the intensity raises considerably. In aroxysilatrane spectra this absorption band is shifted to 895 cm -1 and is extremely intensive. Consequently, frequencies of880-895 cm-1 and 910 cm-1 should be considered as characteristic to the C-N bond. For the cyclic skeleton structure (I) also specific are the frequencies 1360 and 1440 cm-1 attributed to deformation modes ofthe group CH2. In favour of this speaks the fact that frequencies 1360 and 1462 cm -1 arealso present in the spectrum ofN(CH2CH20H)3. Band assigned to R substituents in (I) are easily identified ( Table 6 ) as considerable work has been already clone in this field.
It has been observed that frequencies of the R substituents are seldom perturbed or considerably shifted in spite of the fact that they are associated with a nitrogen coordinated silicon atom. Even vibration frequencies of the vinyl group, which is very sensible to inductive effects, have the usual size (945 and 1010 cm-1).
Inanumber ofspectra, overlapping occurs between the R substituents and the frequencies reftected in the variable intensity of the absorption bands. Thus, according to previous work76, the C 2 H 5 group 1s identified by frequencies 1012, 1380 and 1460 cm-1. In structure (I; R=C2Hs) these absorption bands overlap the skeleton frequencies (1016, 1366 and 1460 cm -1 respectively). Frequency assignments for the vinyl group60, 955 and 1270-1280 cm -1, coincide with absorption band pattern of the skeleton (I) (945 and 1283 cm-1). Frequency assignments for the CsHs group78, 79 are at 1435, 1190, 1125 and 1032 cm-1. In the spectrum of the structure (I; R=C6Hs) we have bands of 1427, 1170, 1113 and 1027 cm-1. Bands of 1113 and 1027 cm-1 overlap the absorption bands ofthe skeleton (1). Frequency 740 cm-1 is also referred to the CsH 5 group78. Almost the sameabsorptionband (750 cm ~1) is observed in structure (I; R =C6Hs).
For the cyclic structure (I) frequencies of 1360 and 1460 cm -1 are specific; they correspond to deformation vibrations ofR=Cli3 with bands at 815 and 1259 cm-1, whereby the first represents the pendulum vibrations ofthe group c~ and the second, the deformation Vibrations of Si-CH3.
For the structure (I; R=C2Hs) the frequencies 963 and 1016 cm -1 stretching C-C of the ethyl groups at the silicon atom61 are specific. Frequency 1412 cm-1 corresponds to the deformation vibrations of CH 2 ; 1370 cm-1 to the symmetric deformation vibrations of CHa; 1453 cm-1 to the asymmetric deformation vibrations of CHa in the C2Hs group.
It is necessary to mention that substantial changes in stretching vibrations of the C-H bond occur depending on different solvents used in i.r. spectral analyses of (I). Further investigations will be required to arrive at more exact definitions.
PROTON MAGNETIC RESONANCE SPECTRA
Sturlies on the p.m.r. spectra of 1-organyl-and 1-organoxysilatranes (I) (Figure 7 ) support the validity of the previously suggested structure of these compounds and give valuable information concerning the electron density distribution in the molecule. The p.m.r. spectrum of the O-CH 2 -CH2-fragment in the silatrane molecules reflects the A2X2 system expressed insmall constant values of the spin-spin interaction between OCH2 and CH2 protons (5-6 Hz) as compared with their chemical shifts. A certain asymmetry of the two triplets is due to the fact that the A2X 2 system is not clearly expressed and tends toward Azßz. The appearance in a silatrane skeleton of a simple p.m.r. of this kind instead of an A6B6 spectrum reveals an interaction of the second order between its three half-rings. The half-rings Si-O-CH2-CH2-N themselves remain independent but are identical. Assignments of the other signals in the p.m.r. spectra do not present any difficulties.
A characteristic factor of the chemical shifts in the p.m.r. spectra of the silatranes ( Table 8 ) is a well expressed inductive influence of the substituents Table 8 . Chemical shifts Tin p.m.r. spectra of silatranes (I)
R on the electronic screening of the methylene protons in the fragment -O-CH2-CH2-but only when the R represents some alkyl radicals. This effect would be expected considering that all the other substituents R have the capacity of d1T -p7T-conjugation with the silicon atom, acting in the direction opposite to the inductive -I effect of the substituents. For Iphenyl-and 1-benzoxysilatrane, besides the already mentioned two effects ( the inductive and the d1T -p7T-interaction), there is still another effect influencing the chemical proton shifts of the methylene groups, namely, the magnetic anisotropy resulting from 7t-electron circulation of the aromatic ring. In addition, the d1T -p7T-conjugation between the 0 and Si atoms in the very skeleton of the silatrane plays seemingly a considerable part in the relative stability of the chemical shifts of OCH2-protons following changes in the character of the substituents at the central silicon atom. A distinguishing characteristic ofthe silatrane structure is the participation of the unshared nitrogen electron pair in the formation of a trans-annular dipole coordinate bond with the silicon atom, achieved \hrough its vacant 3d-orbitals30-33. This peculiar trait of the electronic structure of the silatrane molecules, already confirmed by high values of their dipole moments31 (5-7D) as weil as by i.r. spectroscopic data85, can also be observed in their p.m.r. spectra.
In fact, if one should compare the chemical shifts of the corresponding protons in the Si-substituted triethoxysilane RSi(OCH2CH3)a and in 1-substituted silatranes a considerable shift of substituent protons toward higher fields in the silatrane molecules will be noticed, which proves that the electron density at the silicon atom of the silatrane molecules is considerably higher:
A comparison of the chemical shifts of the GHz-protons in the rilatrane fragment Si+-N-CH2 with those of the N-CH2-protons in triethanolamine and N-dimethylethanolamine ('r = 7·39 and 7·55 p.p.m. on grounds of published and our own data81) reveals that the nitrogen atom in silatrane molecules is screened less distinctly than in ß-oxyethylamine. Similar decrease in electron density at the nitrogen atom can be observed in the case ofsubstitution of one hydrogen atom in the NHz group of the ß-amino-ethoxytrimethylsilane by a trimethylsilyl group: the chemical shifts of N-CHzprotons in (CHa)aSiOCHzCHzNHz andin (CHs)aSiOCHzCHzNHSi(CHa)3 are 7·37 and 7·16 p.p.m. respectively. The shift ofthe signalfrom the methylene protons in the second compound towards. a less distinctive field is ascribed to d1T -p1r-conjugation of the silicon atom with the unshared electron nitrogen pair, and the value of this chemical shift is comparable to the chemical shift of the methylene protons in the Si+-N-CH 2 fragment of the silatranes.
The p.m.r. spectra of all compounds were obtained in CHCla solutions. Cyclohexane was used as an internal standard and chemical shifts were measured in p.p.m. on the -r-scale ( -rSi(CH 3 ) 4 = 10·00).
PHYSIOLOGICAL ACTIVITY
In the light of the now available literature82 the outlook for a possible discovery among organosilicon compounds of substances with specific biological and pharmacological activity seemed to be rather dim. Polyorganosiloxanes and silicohydrocarbons (not containing the Si-H bond) are, as a rule, physiologically inert. The biological effect of monomers of the type Rt-nSiXn (where R = organic radical, X = a hydrolysable functional group or atom, and n = 1-4) is chiefly due to the products of their hydrolysis (HX)t. Organasilicon compounds with a carbon-functional group do not differ much in physiological activity from their purely organic analogues. The only relatively toxic compound of this group described is methyl( 4-aminobutyl)diethoxysilane83 NH 2 (CH2)4Si(OC 2 H5)2CHa (on rabbit skin absorption LD5o = 0·045 mlfkg). The high physiological activity of this t It is interesting to note that physiologically the most active compounds are with n = compound should be ascribed, in our opinion, to the probability of an intramolecular coordination of the 3-amino group with the central silicon atom This has been substantiated by research work in our laboratory which brough t us to the discovery of a n um ber of new physiologicall y acti ve organosilicon compounds containing a nitrogen atom in the y and a position to the central silicon atom.
It thus seemedjustified to expect that silatranes might also be physiologically active because of a stable intramolecular donor-acceptor bond Si+-N in their structure. This assumption has been substantiated by pharmacological tests of thirteen 1-substituted silatranes (I; R-CHa, C2H5, (CHa)2CH, CH2=CH, C6H5, 3-CIC6H4, CHaO, C2HsO, C6H50, 4-CfiaC6H40, 5-CHa-2-(CHa)2CHC6HaO, 4-ClC6H40, 4-02NC6H40 as weil as of 3,7-dimethyl-1-phenylsilatrane.
During the preliminary pharmacological testing a well expressed physiological activity has been demonstrated by 1-phenylsilatrane
which is the compound most sparingly soluble in water. Its toxicity was experimentally studied on white mice. Already doses of 0·20-0·25 mg/kg injected intraperitonially cause motor excitation followed sometimes by a change in the position of the tail, typical to the action of morphine ( test of Straub). At the same time heavy breathing was observed. At slightly higher doses ( ,_,0·35 mgfkg) 1-phenylsilatrane causes alternating clonic and tonic convulsions. At a dosage of around 0·4 mgfkg this convulsive effect might cause death. The mean lethal dose of 1-phenylsilatrane, calculated by the method of Litchfi.eld and Wilcoxon, is 0·43 (0·36--0·50) mgfkg (P=0·05).
The toxic effect of 1-phenylsilatrane on unanaesthetized cats is similar to the one described. Injected intraperitonially 0·30 mgfkg of the compound cause first twitch, like muscle contractions of the ears and lids, followed shortly thereafter by severe tonic and clonic convulsions. The animal dies in about 8 min after the injection. The toxic effect of 1-phenylsilatrane is much weaker, however, in cats anaesthetized with uretan (1 gfkg) or with chloralose (30 mgfkg). Even an intravenous administration of a tenfold lethal dose does not kill the animal. Dosages of 0·30-0·40 mgfkg cause only convulsive contractions of the skeletal musdes followed by intensive breathing.
In the experiments on unanaesthetized rabbits 0·20 mg/kg of 1-phenylsilatrane injected intravenously cause agitation and convulsive contractions ofthe skeletal muscles. The same compound injected in a dose of 0·30 mg/kg results in pronounced clonico-tonical convulsions Iasting several minutes. There is no lethal effect. Frogs are extremely resistant to 1-phenylsilatrane. Even doses of 30-40 mg/kg have no effect at all. Administration of higher doses is made difficult due to a low water solubility of the compound.
As we see, 1-phenylsilatrane is characterized by a great variability in its physiological action depending on the sensitiveness of the species. I t is extremely toxic to mammals (about twice as toxic as strychnine) and obviously non-toxic or almost non-toxic to frogs, microbes and fungi.
The mechanism of muscle twitching and convulsions under the influence of 1-phenylsilatrane has been studied on an isolated m.rectus abdominis of the frog. At a concentration of 10-1 no contractions occur. Similarly, this compound acting in concentration 10-1 for 2 min does not change markedly the reaction of muscle on acetylcholinein concentrations of 10-1.
Immersion of frog isolated hind leg musdes in Ringer solution with 0·01 per cent of 1-phenylsilatrane and also a perfusion with this solution of the frog's hind legs (method of Trendelenburg) does not cause any contractions.
As we see, these results excluded the direct influence of 1-phenylsilatrane on the peripheral neuro-muscular mechanism.
In experirnents on decerebrated cats convulsions and accelarated breathing appear already after a dose of 0·10-0·20 mg/kg of 1-phenylsilatrane injected intravenously. A previous pharmacological denervation (with 5 ml of a 5 per cent novocain) of the sinocarotidal regions does not significantly influence the stirnulation of breath. In experirnents on spinal cats spasrnodic twitching ofthe musdes is caused only by higher dosages of 1-phenylsilatrane. Cats with cornpletely destroyed nervous systern do not react even to intravenous injections of 1·5 rng/kg of the cornpound.
These experimental data confirm the assumption that convulsive reactions occur under the influence of 1-phenylsilatrane on the central nervous system. No doubt, its action on the spinal cord is ofgreat importance. It is therefore a worthwhile observation that contrary to other known substances which influence the spinal cord, 1-phenylsilatrane is not active in frogs. It may be assumed that it acts on a certain enzyme system, very irnportant to the normal function of the nervous apparatus of marnmals and absent or unimportant to the normal activity of the frog nervous system. Cholinesterase of horse blood serum and acetylcholinesterase of rat erythrocyte stroma and of the brain arenot inhibited by 1-phenylsilatrane.
1-(m-Chlorophenyl)-and 3,7-dimethyl-1-phenylsilatrane are much less active. The latter in experiments on white mice is active only when given intraperitonially in doses as high as 5 mgjkg, which cause a change in the position of the tail; 10 mg/kg increase the motor excitation of the animals and cause clonic-tonical convulsions (already 3-5 min after injection) with a possible Iethai effect. The mean Iethai dose of this compound calcuIated by the method of Litchfield and Wilcoxon is 14·7 rng/kg (P=O·OS). LD5o of 1-(m-chlorophenyl)silatrane is 4·4 mg/kg. As we can see, introduction ofa chlorine atom in the phenyl group and ofmethyl groups into the heterocycle of phenylsilatrane decreases the toxicity of the compound considerably. I t is interesting to note that a substitution in 1-phenylsilatrane of the silicon atom by a germanium atom reduces considerably the toxicity of the compound (1-phenylgermatrane is about 100 times less toxic than its s!licon analogue).
All the other investigated silatranes are physiologically inactive or produce an insignificant biological effect. Thus, for instance, 1-phenoxysilatranes in experiments on white mice are active only at dosages starting with 100 mg/kg. This causcs a decrease in motor activity of the animal. At 150 mg/kg twitching occurs, sometimes followed by tonic convulsions; 200 mg/kg can be fatal. In experiments on cats under urethane anaesthesia, 1-phenoxysilatrane in doses of 10 mg/kg and higher causes a short Iasting (for about 1 min) drop in blood pressure. All the 1-aryloxysilatranes are even less active.
The mean Iethai dose of 1-methoxysilatrane administered by intraperitonial injection for white mice is 2100 mg/kg, and 1-ethoxysilatrane dosenot seem to act even at 1600 mgfkg. In experiments on anaesthetized cats 1-ethoxysilatrane in doses of 10 mgfkg does not exert an appreciable influence on blood pressure or on the effects of acetylcholine, histamine and adrenaline.
In all the other silatranes investigated no pharmacological activity could be observed. LD5o for the studied silatranes administered intraperitonially to white mice are given in Table 9 ( order of decreasing activity). On the basis of the newly acquired data it is not unreasonable to assume that continued research on physiologically active substances among compounds with a coordinated nitrogen bound silicon atom might result in interesting :findings suitable for practical purposes.
